The clinical applicability of the routine electrocardiogram and the chest roentgenogram in assessing advanced pulmonary emphysema is shown by a correlative study on 150 adults with moderately severe and severe pulmonary emphysema determined by pulmonary function studies. From these data a rather uniform electrocardiographic pattern has emerged entitled "the electrocardiographic pentalogy of pulmonary emphysema" which by itself suggests the presence of an advanced emphysematous state.
A previous publication' established the ,&-,Lpresence of exaggerated P waves and resultant T-a wave inscription ill leads II, III, and aVF of the adult electrocardiogram in patients with severe emphysema. Continued focus upon the electrocardiogram of patients with advanced pulmonary emphysema has resulted in the identification of an electrocardiographic pattern which, by itself, suggests the presence of an advanced emphysematous state. This pattern will be referred to as the "electrocardiographic pentalogy of pulmonary emphysema; " it consists of (1) exaggerated P waves in leads II, III, and aVF, (2) prominent T-a waves in leads II, III, and aVF, (3) vertical cardiac position, which at times may be extreme, (4) 
MATERIALS AND METHODS
One hundred and fifty emphysemnatous adult patients were selected for study on whom 1 or more routine electrocardiograms and chest roentgenograms were available. All patients had moderately severe or severe pulmonary emphysema as established by pulmonary function tests.2 The arbitrary classification based on alteration of function is shown on table 1.
The routine 12-lead electrocardiogram was classified into 6 groups according to the presenting pattern, namely, (1) the electrocardiographic pentalogy of pulmonary emphysema, as previously outlined, (2) the partial pentalogy, in which the degree of clockwise rotation and low voltage across the left precordium was less marked, (3) absent T-a-wave patterns, with marked degrees of vertical position, clockwise rotation, and low voltage, (4) the pattern of the short P-R interval and depressed RST segment, with vertical cardiac position, variable degrees of clockwise rotation, and left ventricular low voltage, which has previously been described,' (5) superior retrosternal radioluceney increased in lateral projection; increase in interstitial markings resulting from increased contrast between hyperaerated alveoli and supporting structures (interstitial fibrosis is also a factor in some cases).
Cardiovascular Changes. Decrease in peripheral vascular markings per unit area; vertical cardiac position; enlargement of pulmonary artery in severe emphysema.
Although the films were on a select group of patients, the observer was unaware of the clinical state or laboratory data, and these films were intermixed with films of nonemphysematous patients.
Fifty films of the study group were subsequently re-read to check the accuracy of recording.
Of the 150 patients in the present study, there were 71 and 79 instances of moderately severe and severe emphysema, respectively. The average age for the entire group was 57 years, with a range from 23 to 78 years. Cardiac position and cardiac rates were determined on all electrocardiograms. T-a waves of 1 mm. or more in leads II, III, and aV, were required for inclusion in groups I and II.
RESULTS
The incidence of the various patterns, the degree of presenting emphysema, and the roentgen findings in the 6 groups are shown in table 2.
The results are considered according to individual electrocardiographic patterns.
Pentalogy Pattern. The typical electrocardiographic findings are exemplified in figure   1 . Thirty-four of the 51 patients in this category had severe pulmonary emphysema on pulmonary function tests, and 36 of the 51 x-rays were interpreted as showing moderately severe to severe emphysema, with 9 additional roentgen interpretations of moderate emphysema.
Partial Pentalogy Pattern. The range of this pattern is shown in figure 2 . The amplitude of the left precordial potentials was consistently less than 8 mm. The moderately severe and severe emphysematous grouping was equal on function testing. Roentgenographically, 14 of the 30 patients had moderately severe to severe emphysema, with 9 additional instances of moderate emphysema.
Absent T-a-Wave Pattern. Save for the lack of P-wave and T-a-wave augmentation, the over-all electrocardiographic tracing simulated that of group I ( fig. 3) . The T-a waves were either less than 1 mm. or were absent. There were approximately equal numbers of moderately severe and severe emphysema on function testing, with 8 instances of moderately severe to severe emphysema and 6 instances of moderate emphysema identified on roentgen examination. Conversely, 6 x-rays were interpreted as normal or showing minimal emphysema. Single instances of atrial fibrillation and an ectopic atrial pacemaker accounted for 2 of the failures of T-a-wave inscription in this group.
This interesting pattern is responsible for marked RST segment depression in leads II, III, and aVF, due to the T-a-wave expression distal to the QRS complex. The P-R interval is usually 0.12 second or less in duration. Although 6 of the 9 patients had severe emphysema, the roentgenograms were interpreted as moderately severe to severe emphysema in only 4.
Right Ventricular Preponderance, Dilatation, and Right Bundle-Branch Block. Contrary to previous reports in the literature, As shown in table 2, the electrocardiographic pentalogy of pulmonary emphysema presents multifaceted evidence of an advanced emphysematous state, namely, predominantly severe emphysema on both pulmonary function testing and roentgenographic interpretation. Thus, the finding of this electrocardiographic pattern in a known emphysematous subject suggests a severe degree of pulmonary emphysema. Seven of the 9 patients with apparent left axis deviation were in this pentalogy grouping. It is suggested that they are, in fact, examples of extreme vertical hearts. Although Grant4 interpreted the potential changes as due to left axis deviation, it is merely the result of the right ventricular potential reflection (rS) to leads II, III, and aVI, and left ventricular potential in a posterosuperior fashion to aVR and aV,. The finding of an inverted P and T wave in aVL and the extremely low voltage QRS complex in lead I is crucial to the identification of vertical heart position ( fig. 4) . Radiographically, all 9 patients exhibited marked vertical hearts.
The precordial QRS complexes on occasion are grossly distorted in the pentalogy group, simulating residual myocardial damage, as previously noted by Kossmann.5 Initial q waves may be identified in the right and mid precordial leads, or there may be failure to inscribe progressive left ventricular potentials across the precordium due to marked shift of the transitional zone to the left ( fig.  5 ). Merely by placement of the unipolar chest lead several interspaces lower than the conventional position, normal left ventricular potential is identified ( fig. 6 ). In some instances, left ventricular potential is best identified at the subprime positions of V7, V8, and V9.
In general, the factors of vertical cardiac position, clockwise rotation, and left ventricular low voltage are considered expressions of marked vertical position of the heart attendant to the advanced emphysematous state and resultant low diaphragmatic position. The production of exaggerated P waves and resultant T-a-wave inscription is less easily explained by purely positional changes, as the classic electrocardiographic pentalogy pattern is not identified in instances of extreme vertical hearts associated with an asthenic habitus. One can only suggest the presence of incipient atrial dilatation, as entirely similar T-a-wave inscription is seen in instances of organic mitral and pulmonic stenosis. Wood6 has previously favored an organic atrial change for the production of the T-a wave.
The partial pentalogy patterns suggest that, in general, the emphysematous state will be less severe as a group on pulmonary function testing and on roentgenographic survey.
Inasmuch as the exact mechanism for exaggerated T-a waves in pulmonary emphysema remains unknown, no explanation can be tendered for the failure to identify this phenomenon of atrial repolarization in group III. The with right heart failure in their group and to different criteria for the electrocardiographic identification of right ventricular hypertrophy. Although it is not within the scope of this paper to discuss the electrocardiographic criteria for right ventricular preponderance,* the mere findings of marked right axis deviation, various rS'r or rR' right precordial QRS patterns, and severe degrees of clockwise rotation are insufficient criteria, as these may all result from the vertical position of the heart attendant to advanced emphysematous disease. The electrocardiographic findings in 9 patients with severe chronic cor pulmonale were previously studied" and the presence of a markedly elevated pulmonary artery pressure was documented where there was electrocardiographic evidence of right ventricular preponderance.
Thus, it appears that the pattern of right ventricular preponderance occurs in the terminal phase of chronic pulmonary heart disease when there is hemodynamic evidence of cardiopulmonary failure. Mounsey et al.,9
Thomas,10 and Kilpatrickt1 have previously commented on the failure to document right ventricular hypertrophy on electrocardiographic analysis or autopsy data in advanced emphysematous disease. Interestingly, only 2 instances of complete right bundle-branch block were identified in the entire series of 150 patients.
In the discussion of the final group, the normal electrocardiograms, it appears that from the pulmonary function and radiographic standpoints, if a normal electrocardio-*The term right ventricular preponderance is preferred to that of right ventricular hypertrophy, for one is merely interpreting electromotive potential changes and is inferring anatomic right ventricular hypertrophy.
gram is seen in a known emphysematous patient, the degree of emphysema is apt to be of minimal to moderate severity, although individual exceptions do exist.
In general, the detection and classification of emphysema on roentgenographic interpretation correlated well with the pulmonary function data. Although there were predominant moderately severe, moderate, and minimal roentgen interpretations in the group showing moderately severe emphysema on function testing, the severe and moderately severe x-ray classifications accounted for the majority of patients with severe emphysema as detected by pulmonary function survey. Again, the presence of extensive parenchymal disease, thoraeoplasty defects, and lack of lateral chest films were the major factors in failing to detect more than minimal emphysema in the severely emphysematous group. This observation is in accord with the findings of Knott and Christie,12 who stressed the need for a lateral chest film in the roentgen interpretation of pulmonary emphysema. It is noteworthy that there was but a single instance of a roentgen report of no emphysema in the 81 patients described in the pentalogy and partial pentalogy patterns. Perhaps by continued focus on the radiographic evaluation of pulmonary emphysema, this method of examination may assume a more useful role in the evaluation of the emphysematous state. emphysematous state. This pattern is entitled "the electrocardiographic pentalogy of pulmonary emphysema," consisting of (1) prominent P waves in leads II, III, and aVF, (2) exaggerated T-a waves greater than 1 mm. in leads II, III, aVF, (3) vertical cardiac position, which on occasion may be extreme, (4) marked clockwise rotation, and (5) tendency to generalized low voltage, particularly in the left precordial leads V4 through V7. In general, this pattern is thought to result from the extreme vertical position of the heart attendant to the advanced emphysematous state and low diaphragmatic placement, although the presence of incipient atrial dilatation cannot be discounted as a factor in the production of the exaggerated P and T-a waves.
SUMMARY
Roentgenographic recognition of pulmonary emphysema correlated well with the pulmonary function data. In the presence of moderately severe pulmonary emphysema, the chest x-ray is most apt to be interpreted as showing minimal, moderate, or moderately severe emphysema. In the presence of severe pulmonary emphysema, moderately severe and severe emphysema will predominate on roentgenographic interpretation. The limitations of roentgenographic interpretation of pulmonary emphysema are discussed.
The T-a-wave inscription and the precordial QRS complex alteration may 
